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ABSTRACT: Phototaxis is exhibited by phototrophic organisms such as insects. They move toward the light 

source to take advantage of the energy necessary for photosynthesis. This paper aims to investigate phototactic 

insects: seasonal abundance and diversity in built environments in Awka, Anambra State, Nigeria using appropriate 

standard techniques. The result showed that a total of 1,587 insects belonging to sixteen insect orders were found to 
be phototactic in built environments. The highest number of insects was collected in site B (44.87%). The result 

shows that Diptera (42.66%), Hemiptera (24.26%), and Coleoptera (13.11%) had the highest relative abundance. 

The order Coleoptera was the most diverse group with 12 families and 19 species. The highest mean number of 
insects was recorded in the wet season (27.87±14.425%) compared to the dry season (6.02±3.226). Most notably, 

the abundance of phototactic insects collected in built environments Awka was higher during the wet season across 

all three sites. The correlation analysis revealed that there was no significant positive relationship between ambient 
temperature, relative humidity, and the abundance of phototactic insects during both the wet (ambient temperature, 

(r = 0.29, P> 0.05; r = 0.586, P> 0.05) and dry seasons (r = 0.557, P> 0.05; r = 0.612, P> 0.05)). The study revealed 

a significant difference in the abundance of phototactic insect species among the three sites in Awka. The wet season 
recorded a higher abundance of insects compared to the dry season. Despite seasonal fluctuations in mean 

temperature and relative humidity, these environmental variables do not appear to have a deterministic influence on 

the abundance of phototactic insects in the studied locations. 
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Insects associated with the built environment have the 

potential to affect human well-being in multiple ways. 

Some insect species can cause structural damage to 

buildings, leading to financial losses for homeowners 

and building owners (New, 2015). Wood-boring 

beetles, termites, and carpenter ants, for example, are 

known to weaken wooden structures, compromising 

their integrity, and requiring costly repairs (Ciesla, 

2011). According to Yalcin et al. (2021) and 

Kalleshwaraswamy et al. (2022); wood-destroying 

insects can cause significant economic losses globally. 

These insect pests are capable of tunnelling through 

wood, causing severe damage and compromising the 

structural stability of buildings. Additionally, certain 

insects can trigger allergies and asthma in sensitive 

individuals through their presence and the release of 

allergenic compounds (Matthysse, 2014). Allergies 

and asthma are widespread health issues worldwide, 

and indoor allergens, including those produced by 

insects, can exacerbate symptoms (Matthysse, 2014). 
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For example, dust mites and cockroaches are common 

indoor allergens that can trigger allergic reactions and 

asthma attacks in susceptible individuals. Identifying 

the presence and abundance of allergenic insect 

species in buildings can help inform strategies to 

reduce allergen exposure and improve indoor air 

quality (Patel and Meher, 2016). The ongoing process 

of urbanisation and infrastructural development in 

cities like Awka, Anambra State in Nigeria, has led to 

significant changes in the local environment, 

particularly the proliferation of buildings and the 

alteration of natural habitats (Adefolalu et al., 2020). 

Awka, as the capital city of Anambra State, is 

experiencing rapid urban growth characterised by 

residential, commercial, and industrial building 

construction (Onuigbo et al., 2018). This urban 

expansion results in the creation of new habitats within 

the built environment, providing opportunities for 

various organisms, including insects, to colonise these 

structures (Chunwate et al., 2019). 

 

Research conducted in other urban areas has 

highlighted the importance of studying insect 

communities within the built environment. Bertone et 

al. (2016) characterised the diversity of arthropods 

inside urban and suburban homes using light traps, 

demonstrating the efficacy of this approach in 

capturing and studying the insect fauna associated 

with built environments. Such studies provide 

valuable insights into the composition and diversity of 

insect communities, as well as their interactions with 

the built environment (Okeke et al., 2019). To 

effectively manage urban ecosystems and mitigate 

potential risks associated with insects in buildings, it 

is essential to fill the knowledge gap regarding insect 

species composition, abundance, and diversity in 

Awka. By deploying light traps in buildings across 

different areas of the city, researchers can gain 

valuable insights into the insect communities 

associated with these structures. This information can 

inform pest management strategies, urban planning 

practices, and the conservation of insect biodiversity 

in Awka and similar urban environments. Light traps 

have shown to be highly effective and valuable tools 

for monitoring and collecting insects in various 

ecological settings, including buildings and the built 

environment (Bertone et al., 2016). These traps take 

advantage of the positive phototactic behaviour 

exhibited by many insect species, which causes them 

to be attracted to light sources. When deployed in 

buildings, light traps provide a reliable means of 

sampling and studying the insect communities 

associated with these structures. A study by Laumann 

et al. (2018) for example utilised light traps to assess 

the diversity and abundance of stored-product pests in 

commercial buildings, providing valuable information 

for the development of integrated pest management 

strategies to control these pests in grain storage 

facilities. Therefore, the aim of this paper is to 

investigate the seasonal abundance and diversity of 

phototactic insects in buildings in Awka, Anambra 

State, Nigeria. 

 

MATERIALS AND METHODS 
Study Area: The present study was conducted in a built 

environment in Awka, Anambra State. Awka lies on 

the coordinates 6◦ 12N and 7◦ 04 E Anambra State 

(Akunne et al., 2019). Based on Location, Anambra 

State resides in the southeastern geopolitical region of 

Nigeria. Awka is the capital of Anambra State of 

Nigeria and is located in the lowland rain forest zone 

of southern Nigeria with an annual rainfall of 750 mm-

1,200 mm that lasts for seven months (April – 

October), with two seasons; the dry and the wet 

season. The University is 65km from Enugu and 55km 

from Onitsha. The spatial size of the University is 

approximately 4.99km2 (499 ha) between latitude 6° 

14' 54" N and longitude 7° 6' 55" E with a bearing of 

64.4° (ENE). The temperature in the study area is 27-

30oC between June and December, however, it rises to 

32-34oC between January and April, with March 

experiencing the hottest temperature at 36-38oC. The 

relative humidity in the rainy season is 82.37 and 

74.25 in the dry season  (Hudson Institute of 

Mineralogy, 2019). 

 

Description of The Study Site: A systematic random 

sampling method was employed to select the study 

sites. Various built environments, such as residential 

areas, commercial centers, and educational buildings, 

were considered. The sites were chosen based on their 

accessibility and the potential presence of diverse 

insect communities. This study was carried out in three 

sites named A, B, and C. The study site was three built 

environments located within Nnamdi Azikiwe 

University. Site A was in the Agbani area of second 

market, Ifite. Site B is located at the Faculty of Arts 

close to admin and banks Site C is located at Amansea. 

The study sites are all located within latitude 

7°01′55.4″E and longitude 6°54′46.3″N. The locations 

were recorded using a portable global positioning 

system / GPS (GARMIN-etrex SUMMIT), starting 

from September 2023 to January 2024 (Fig. 1).  

 

Procurement of Materials: Specimen bottles, lights, 

tweezers, and Camel’s fine brush were purchased at 

Kevon Medical Store Amaenyi Awka.  Plastic 

containers used for the light trap were obtained from a 

local store in the Eke-Awka market, Anambra State, 

Nigeria. 
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Experimental Design: For this study, a One-Shot Case 

Study design is employed. This straightforward design 

involves a single group exposed to the treatment, with 

outcomes measured directly (Bosse et al., 2014). 

Various kinds of light traps have been developed and 

utilised by researchers over time (Price and Baker, 

2016). For this experiment, the funnel-type light trap 

was employed, constructed locally using wooden 

materials. Each side of the trap was 1 meter in height, 

featuring rounded hollow edges. A rechargeable 

Lontor torch lamp was suspended across the wooden 

frame within the trap. Throughout the entire study 

period, the torch lamp was activated every night. To 

facilitate the collection of insects, the hollow entrances 

on both sides of the traps were extended by using small 

rods that lead into collecting troughs. These troughs 

will contain a measured quantity of water and 

detergent, creating an effective insect capture solution 

(Shimoda and Honda, 2013). Additionally, to prevent 

insects from escaping and to enhance the efficiency of 

the traps, metal nets were wrapped around them along 

with the collecting troughs (Frost, 1957). This setup 

will ensure that captured insects remain confined 

within the trap for subsequent analysis and 

observation. 

 

 
Fig. 1: Map of the study area showing the three sites; A, B, and C in Awka, Anambra State 

Source: Researcher’s fieldwork and GIS Mapping, 2024; Cartography by Department of Geography) 

 

Sampling and Collection of Insects in the Study Area: 

The diversity of insect species associated with light 

traps was determined by the collection of the insects. 

The collection of insects took place from September to 

January 2024. The light traps were activated and 

positioned at the selected study sites each evening. The 

insects were collected two times daily and the trap was 

inspected every morning. The collection was done for 

10 weeks and the insects caught were transferred into 

the specimen bottles. The insects were sorted into their 

respective species and preserved with 80% ethanol. 

After sorting of insects, they were preserved, 

packaged, and sent for identification. 

 

Insect Sorting: Insects were sorted according to the 

method of Ewuim (2008), using Carmel’s hair brush 

under a light microscope sorting of the insects was 

done. The insects were placed iinside specimen bottles 

containing 80% ethanol as a preservative. 

 

Insect Identification and Preservation of Insects: 

These insects sorted into their taxonomic groups were 

carefully recorded in data sheets at the Insect Museum 

at Ahmadu Bello University, Zaria, Kaduna State, 

Nigeria for verification and identification of the 

insects. The voucher insects identified were placed in 

labeled vials that contained 80% ethanol for 

preservation as proper documentation was written 

down on dates, locations, and type of specimen 

collected. The specimen was properly kept for further 

studies and reference purposes. 

 

Measurement of microenvironmental variables: The 

method employed to ascertain the average temperature 
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and relative humidity, a key factor in understanding 

moisture availability and environmental conditions of 

the study site involved the use of a specialised digital 

HTC-2 thermohygrometer. Also, these parameters 

reading was taken at 4 times per month in the study 

area in the morning hours (8am – 9am) and in the 

evening hours (4 pm-5 pm). 

 

Statistical Analysis: The data was collected and 

recorded in Microsoft Excel (version 2019). Species 

diversity, richness, and abundance were calculated to 

assess the insect community composition in the built 

environment of Awka. Shannon-Wiener index was 

performed to evaluate the diversity and distribution 

patterns of the insects (Magurran, 2004) using 

Microsoft Excel. Also, a non-parametric statistical test 

(Kruskal Wallis Test and Wilcoxon signed ranked test) 

was employed to examine significant differences in 

insect communities between various built environment 

types with Statistical Package for Social Sciences 

(SPSS) version 25. 

 

RESULTS AND DISCUSSION 
Population of Phototactic Insects in Built Environment 

in Awka: The population of insects that are phototactic 

in built environments in Awka were represented in 

Table 1. A total of 1,587 insects belonging to sixteen 

(16) insect orders were found to be phototactic in built 

environments in Awka. Out of this number, 417 

(26.28%) were collected from site A, 458 (28.86%) 

were collected from site B and 712 (44.87%) were 

associated with site C. Hence, the highest number of 

insects were collected in site C. The insect orders 

collected were Coleoptera, Dermaptera, Dictyoptera, 

Diptera, Ephemeroptera, Hemiptera, Homoptera, 

Hymenoptera, Isoptera, Lepidoptera, Neuroptera, 

Odonata, Orthoptera, Plecoptera, Trichoptera and 

Zygoptera. The result further showed that Diptera 

(42.66%), Hemiptera (24.26%), and Coleoptera 

(13.11%), had the highest relative abundance while 

Zygoptera (0.06%) had the least abundance. However, 

Diptera (76.02%), Hemiptera (38.37%), and 

Coleoptera (21.1%) recorded the highest relative 

abundance in site C compared to Site A (Diptera 

(47.96%), Hemiptera (28.3%) Coleoptera (14.39%) 

and site B, (Diptera (38.37%), Hemiptera (25.66%) 

Coleoptera (14.39%) respectively). There was a 

significant difference in the abundance of insect 

species that are phototactic among the sites in Awka (p 

=0.01). 

 

Seasonal Abundance of Phototactic Insect Species 

Collected Using Light Traps in Built Environments in 

Awka: The results of the seasonal abundance of insects 

collected using light traps in built environments in 

Awka during the study period are presented in Table 2. 

The result revealed that the highest mean number of 

insects was recorded in the wet season (27.87±14.425) 

compared to the dry season which recorded 

6.02±3.226. However, there was a significant 

difference in the total number of insects collected 

using light traps in built environments in Awka during 

wet and dry seasons at (P< 0.05). 

 

The Margalef Index (D), Simpson dominance Index 

(C), Shannon Weiner Diversity Evenness (H), Shannon 

Weiner Diversity (E) of Phototactic Insects in Built 

Environments in Awka: The results on diversity and 

richness of insects that are phototactic in built 

environments in Awka are presented in Table 3 which 

shows that the Shannon Weiner Diversity index was 

highest in site B (3.071), followed by site C (3.044) 

while the least was recorded in site A (2.96). the 

Simpson's Index of Dominance was highest at site A 

(0.1140), followed by site C (0.1079), while the least 

was recorded in site B (0.083). Margalef Index was 

highest in Site C (6.829), followed by Site A (6.173) 

whereas Site B recorded the lowest (5.881). The 

Evenness recorded highest in site B (0.055) followed 

by site A (0.050), and site C (0.033). 

 
Table 1: Population of Phototactic Insect Orders in Built Environment in Awka 

Order SA RA (%) SB RA (%) SC RA (%) Total (%) 

Coleoptera 60 14.39 60 14.39 88 21.1 208(13.11) 

Dermaptera 5 1.2 10 2.4 12 2.88 27(1.7) 

Dictyoptera 8 1.92 3 0.72 9 2.16 20(1.26) 

Diptera 200 47.96 160 38.37 317 76.02 677(42.66) 

Ephemeroptera 7 1.68 7 1.68 8 1.92 22(1.39) 

Hemiptera 118 28.3 107 25.66 160 38.37 385(24.26) 

Homoptera 1 0.24 2 0.48 0 0 3(0.19) 

Hymenoptera 14 3.36 35 8.39 52 12.47 101(6.36) 

Isoptera 1 0.24 2 0.48 6 1.44 9(0.57) 

Lepidoptera 8 1.92 10 2.4 19 4.56 37(2.33) 

Neuroptera 1 0.24 0 0 1 0.24 2(0.13) 

Odonata 0 0 1 0.24 1 0.24 2(0.13) 

Orthoptera 22 5.28 12 2.88 25 5.99 59(3.72) 

Plecoptera 8 1.92 4 0.96 9 2.16 21(1.32) 

Trichoptera 5 1.2 3 0.72 5 1.2 13(0.82) 

Zygoptera 0 0 1 0.24 0 0 1(0.06) 

Total 458 28.86 417 26.28 712 44.87 1,587(100) 

Keys: SA = Site A; SB = Site B; SC = Site C 
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Table 2: Seasonal Abundance of Phototactic Insect Species Collected Using Light Traps in Built Environments in Awka 

Order WS RA DS RA Total catches RA 

Coleoptera 177 13.5 32 11.31 209 13.12 
Dermaptera 27 2.06 0 0 27 1.69 

Dictyoptera 16 1.22 4 1.41 20 1.26 

Diptera 633 48.34 44 15.55 677 42.51 
Ephemeroptera 22 1.67 0 0 22 1.39 

Hemiptera 230 17.57 157 55.47 387 24.31 

Homoptera 3 0.23 0 0 3 0.19 
Hymenoptera 91 6.95 13 4.59 104 6.53 

Isoptera 9 0.69 0 0 9 0.56 

Lepidoptera 36 2.74 1 0.35 37 2.34 
Neuroptera 2 0.15 0 0 2 0.13 

Odonata 2 0.15 0 0 2 0.13 

Orthoptera 28 2.12 31 10.95 59 3.71 
Plecoptera 20 1.53 1 0.35 21 1.32 

Trichoptera 13 0.99 0 0 13 0.82 

Zygoptera 1 0.08 0 0 1 0.06 

Total 1310 100 283 100 1593 100 

 Mean abundance ±SEM 27.87±14.425 6.02±3.226 33.89±17.651 

Probability value P =0.00           

 
Table 3: The Margalef Index, Simpson dominance Index, Shannon Weiner Diversity Evenness, Shannon Weiner Diversity of Phototactic 

Insects in built environments in Awka 

Index Site A Site B Site C 

Shannon-Wiener Diversity Index 2.96 3.071 3.044 
Simpson's Index of Dominance 0.1140 0.083 0.1079 

Margalef Index 6.173 5.881 6.829 

Evenness 0.050 0.055 0.033 

 

Seasonal Mean Temperature (°C), Relative Humidity 

(%), and Abundance of Phototactic Insects that are in 

built environments in Awka: The summary of the result 

on the mean seasonal environmental variables 

(temperature and relative humidity) was presented in 

Table 4. The result showed that the highest mean 

temperature in site A was recorded in the Dry season 

(28 ºC ±7.248) while the least was in the wet season 

(25.33 ºC ±2.55). However, there was no significant 

difference in the mean seasonal relative humidity in 

the study sites. The relative humidity in site A was 

higher in the Wet season (81.78%±19.185) and least in 

the Dry season (53.67±9.661). However, there was a 

significant difference in the mean seasonal relative 

humidity in the study sites. The result revealed that the 

highest mean seasonal temperature in site B was 

recorded in the dry season (27.89±6.599) while the 

least was recorded in the wet season (19.75±2.55). 

However, there was no significant difference in the 

mean seasonal relative humidity in the study sites. The 

relative humidity in site B was higher in the Wet 

season (81.78±19.185) compared to the dry season 

(53.67±9.661). However, there was a significant 

difference in the mean seasonal relative humidity in 

the study sites. The result revealed that the highest 

mean seasonal temperature in site C was recorded in 

the dry season (26.67±6.94) while the least was 

recorded in the wet season (25.78±3.1). However, 

there was no significant difference in the mean 

seasonal relative humidity in the study sites. The 

relative humidity in site B was higher in the wet season 

(83.22±16.16185) compared to the dry season 

(50.55±18.04). However, there was a significant 

difference in the mean seasonal relative humidity in 

the study sites. Furthermore, the result in Table 4 

further revealed that the highest mean number of 

insects that are phototactic in built environments in 

Awka in the three sites was highest in the wet season 

compared to the dry season. However, there was a 

significant difference in the mean seasonal relative 

humidity in the study sites. 

 
Table 4: Seasonal Mean Temperature (°C), Relative humidity (%), and abundance of phototactic insects in built environments in Awka 

Microclimate variables Season Site A Site B Site C Insect Abundance P value 

Temperature Ϲ Wet season 25.33±2.55 19.75±2.55 25.78±3.1 27.87±14.425 0.187 

 Dry Season 28±7.248 27.89±6.599 26.67±6.94 6.02±3.226  
Humidity Wet season 81.78±19.185 81.89±16.226 83.22±16.16 27.87±14.425 0.00 

 Dry Season 53.67±9.661 50±16.357 50.55±18.04 6.02±3.226  

 

Relationship between Temperature, Relative 

Humidity, and Abundance of Phototactic Insects built 

environments in Awka during the Wet Season: The 

result of the relationship between the number of 

insects that are phototactic in built environments in 

Awka and environmental variables (temperature and 
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relative humidity) during the wet season is presented 

in Table 5. The correlation analysis showed that there 

was no significant positive relationship between the 

number of insects that are phototactic in built 

environments in Awka during the wet season, and the 

ambient temperature (r = 0.29, P> 0.05).  Similarly, 

there was no significant positive relationship between 

the abundance of insects that are positively phototactic 

in built environments in Awka and the relative 

humidity (r = 0.586, P> 0.05) during the wet season. 

 
Table 5: Relationship between temperature, relative humidity, and abundance of phototactic insects in built environments in Awka during 

the wet season 

  Insect Abundance Temperature Humidity  

Insect Abundance Pearson Correlation 1   

 Sig. (2-tailed)   

Temperature Pearson Correlation 0.29 1  
 Sig. (2-tailed) 0.71   

Humidity Pearson Correlation 0.586 -0.603 1 

 Sig. (2-tailed) 0.414 0.397  

 

Relationship between Temperature, Relative 

Humidity, and Abundance of Phototactic Insects built 

environments in Awka during the Dry Season: The 

relationship between the number of insects that are 

phototactic in built environments in Awka and 

environmental variables (temperature and relative 

humidity) during the dry season is presented in Table 

6. The correlation analysis showed that there was no 

significant positive relationship between the number 

of insects that are phototactic in built environments in 

Awka during the dry season, and the ambient 

temperature (r = 0.557, P > 0.05).  Similarly, there was 

no significant positive relationship between the 

abundance of insects that are phototactic in built 

environments in Awka during the dry season and the 

relative humidity (r = 0.612, P> 0.05). 

 
Table 6: Relationship between temperature, relative humidity, and abundance of phototactic insects that are in built environments in Awka 

during the wet season 

  Insect Abundance Temperature Humidity 

Insect Abundance Pearson Correlation 1   

 Sig. (2-tailed)   
Temperature Pearson Correlation 0.557 1  

 Sig. (2-tailed) 0.443   

Humidity Pearson Correlation 0.612 .998** 1 

 Sig. (2-tailed) 0.388 0.002  

** Correlation is significant at the 0.01 level (2-tailed). 

 

Phototactic insects are attracted to light, a behaviour 

that has been documented widely across various insect 

taxa (Park and Lee, 2017; Donners 2018; Kim et al., 

2019). The results from this study on phototactic 

responses among insects within built environments in 

Awka showed a varied attraction of certain insect 

orders to artificial light sources. The findings align 

with the growing body of research that demonstrates a 

range of phototactic behaviours in nocturnal and 

diurnal insects (Perkin et al., 2014; Owens et al., 2020 

Wang et al., 2023). Site C has the highest number of 

phototactic insects which suggests the presence of 

more attractive light sources or environmental 

conditions conducive to these insects.  

 

This is in line with the study by Owens and Lewis, 

(2018), who highlighted that specific characteristic of 

light, such as intensity and wavelength, could 

significantly influence insect attraction. The 

predominance of orders such as Diptera, Hemiptera, 

and Coleoptera is consistent with the study of Sia et al. 

(2017) who noted that many Dipterans exhibit strong 

phototaxis, congruent with the highest relative 

abundance of this order found in our study. 

Remarkably, the relative abundance of these orders 

varied across the three locations, with site C displaying 

a markedly higher abundance of Diptera and 

Hemiptera. This differential distribution underpins 

findings by (Frank, 2015), who reported that local 

environmental conditions, including light pollution 

levels, can considerably impact the diversity and 

abundance of phototactic insects within urban areas. 

 

The lesser abundance of Zygoptera, Neuroptera, and 

Odonata, which represented the smallest proportion of 

phototactic insects, correlates with studies that suggest 

these orders are not as strongly attracted to artificial 

lights as others (Frank, 2015; van Grunsven et al., 

2014; Frank, 2006). Variables such as flight activity 

period and feeding behaviour can influence the level 

of attraction to light sources, which could explain the 

low numbers of these orders observed in the current 

study. The significant difference in the populations of 

phototactic insects across the different sites reaffirms 

that the built environment and its associated light 

pollution are factors influencing insect behaviour and 
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distribution (Horváth et al., 2009). Such evidence 

supports the report that urbanisation and the 

subsequent installation of artificial lighting 

profoundly impact the ecology of nocturnal insects 

(Falchi et al., 2011). 

 

The findings of the study from insects collected with 

light traps in various built environments across Awka 

demonstrate significant variations in insect abundance 

and diversity, which align with many findings within 

entomological research. The high abundance and 

diversity of coleopterans in the sampled environment 

are consistent with other studies that identify 

coleoptera as one of the most diverse insect orders 

globally (Hunt et al., 2007). The presence of 

Coleoptera indicates a varied habitat preference and 

potential adaptability to the built environment within 

this group. In comparison, Diptera also shows a 

substantial presence, which is supported by findings 

by Hakami et al. (2020) who suggest that Diptera is a 

common urban inhabitant due to their attraction to 

artificial lighting and various microhabitats in human-

modified areas.  

 

Similarly, Hemiptera, with 9 families and 17 species, 

aligns with the findings of Schuh and Slater (1995) on 

their considerable adaptability to different 

environmental conditions, including urban settings. 

The relative abundance of Culicoides sonorensis and 

Culex fatigans in sites A and C, and site B respectively, 

raises concerns about potential vector-borne diseases, 

a common theme in urban entomology studies (Brown 

and Stinson, 1996). The low abundance of certain 

species across the sites could suggest specific 

environmental or ecological factors limiting their 

distribution, or possibly the selectiveness of light traps 

for particular insect taxa (Southwood and Henderson, 

2000). 

 

The significant seasonal variation in insect abundance 

observed in the present study aligns with established 

patterns in entomological research, which denote that 

climate and weather conditions markedly influence 

insect activity and population dynamics (Field et al., 

2014; Saunders, 2020). In particular, the increased 

mean number of insects captured during the wet 

season can be attributed to the higher humidity and 

temperatures, conditions known to be conducive for 

insect proliferation and increased activity (Stork, 

2018).  

 

This is especially pertinent to the fact that light traps 

have a higher attraction efficiency under such 

environmental conditions (Svensson et al., 2004). The 

significant difference between the wet and dry season 

highlights the effect of seasonality on insect behaviour 

in built environments, particularly regarding their 

responses to artificial light sources. Previous studies 

have reported that insects are more attracted to light 

traps during periods of higher humidity which is 

consistent with the findings in Awka (Rydell, 1992; 

Eisenbeis, 2006). In contrast, the dry season exhibited 

a reduced mean number of captures, which is likely a 

consequence of the decreased humidity and cooler 

temperatures that lead to reduced insect metabolic and 

movement activities (Yihdego et al., 2019; Evans et 

al., 2009). Furthermore, the present study showed that 

increased insect activity around light traps in the wet 

season may reflect not only intrinsic physiological 

cycles of the insects involved but also the availability 

of resources and mating opportunities, which are 

generally heightened in more favourable climatic 

conditions (Stork, 2018). This aligns with the findings 

of Horváth et al. (2009), who noted that artificial lights 

could disrupt the nocturnal activities of insects, 

particularly in their natural habitats, potentially 

translating to altered patterns in an urban setting. 

 

Site B in the study exhibited the highest Shannon 

Weiner Diversity Index, implying a more diverse 

insect community relative to other sites. High diversity 

is often a result of various environmental niches or 

light conditions promoting a diversity of species 

(Southwood and Henderson, 2000). Site B also had the 

lowest Simpson's Index of Dominance, indicating no 

single insect species was overwhelmingly dominant, 

unlike Site A, which showed signs of a less equitable 

insect population possibly due to specific species 

benefiting from the light conditions excessively. 

Margalef Index values demonstrated the greatest 

species richness at Site C, followed by Site A, and the 

least at Site B. Species richness, a measure unrelated 

to diversity, simply counts the different species present 

and may reflect a range of microhabitats or lighting 

conditions attracting different insects (Margalef, 1958; 

Pauleit et al., 2019). 

 

The Shannon Weiner Evenness Index revealed the 

most evenly distributed species at Site B and the least 

evenness at Site C, suggesting a potential imbalance 

caused by certain species favored by specific lighting. 

Evenness contributes to ecological resilience by 

spreading risk and reliance among many species, 

which is especially important in the context of urban 

lighting (Jost, 2006).  

 

The study also cites the influence of artificial light on 

insects, with documented impacts on community 

structure, mortality rates, and behaviours, and 

variations in insect attraction to different light 

wavelengths (Longcore and Rich, 2004; Owens and 

Lewis, 2018). Additionally, the research investigated 
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environmental factors' seasonal impacts, such as the 

influence of temperature and relative humidity on the 

presence of positively phototactic insects in urban 

built environments in Awka. Seasonal temperature 

changes were observed, with the highest mean 

temperature at Site A during the dry season, reducing 

in the wet season, a trend also seen at Sites B and C. 

Despite temperature shifts, changes in relative 

humidity were not statistically significant between 

sites, though a general humidity increase during the 

wet season was acknowledged (Bebber et al., 2013). A 

key finding was the heightened presence of light-

attracted insects indoors during the wet season, posited 

to result from the interplay between environmental 

factors and artificial building lighting (Eisenbeis and 

Eick, 2010; Longcore and Rich, 2004). 

 

The notable seasonal pattern in positively phototactic 

insect abundance may be influenced by both 

thermoregulation motives and the avoidance of 

outdoor conditions that are less conducive to their 

survival or activity patterns. It is reported that light, 

temperature, and humidity significantly influence the 

activity levels and distribution of insect populations 

(Rich and Longcore, 2006). The precarious outdoor 

conditions during the wet season, with higher 

precipitation and humidity, might underlie the 

increased migration of these insects into buildings, 

where they seek refuge and more stable environmental 

conditions (Koehler et al., 1995; Field, et al., 2014). 

This can be more pronounced in urban areas due to the 

heat island effect which is combined with the lit 

environments (Wang et al., 2019). 

 

Furthermore, the result that the abundance of 

positively phototactic insects is greater in the wet 

season suggests that light pollution inside buildings 

compared to the darkness and moisture conditions 

outdoors creates an attractant effect for these insects 

(Eisenbeis, 2006). Studies have shown that artificial 

lighting can disrupt the natural behaviours of nocturnal 

insects and attract them to indoor areas (Hölker et al., 

2010). This could potentially increase human-insect 

interactions and may have implications for pest 

management and public health due to the possibility of 

disease vectors (Donnelly et al., 2001; Owens and 

Lewis, 2018).  

 

The findings from the current study adhere to the 

patterns observed in other research within the field of 

urban entomology. For instance, the work by Meyer 

and Sullivan (2013) indicated an increase in urban 

insect abundance with corresponding peaks in 

artificial light intensity and humidity, aligns with the 

results of the study. Nonetheless, although light and 

humidity factors maintain a significant role in insect 

behaviour, other underlying environmental, and 

anthropogenic factors could also modulate these 

observed patterns (Bennie et al., 2016). 

 

This study investigated the relationship between 

temperature, relative humidity, and the abundance of 

phototactic insects in built environments in Awka 

during the wet and dry seasons. Findings indicate no 

significant correlation between phototactic insect 

numbers and either ambient temperature or relative 

humidity. This contrasts with Götz (2019), who noted 

that environmental factors like temperature and 

humidity significantly influence insect behaviours. 

The study's non-significant results could be due to the 

minimal effect of these factors in built environments 

(Horridge, 1965; Méndez et al., 2022). Additionally, 

the absence of a strong correlation suggests that other 

factors may be more influential in determining insect 

abundance, or the temperature and humidity ranges 

was not broad enough to detect their influence on 

insect behaviour.  

 

This finding contradicts Chesson et al. (1997), who 

observed that nocturnal insect light attraction 

increased with warmer conditions (Méndez et al., 

2022). Insect responses to light vary significantly 

among species, with some being more light-sensitive 

than others, influenced by complex interactions with 

environmental variables (Eggleton and Belshaw, 

1992). The insect community in Awka may consist of 

species with different temperature and humidity 

thresholds, affecting their phototactic behaviour and 

potentially diluting any correlation in a mixed-

community analysis (Méndez et al., 2022). 

Additionally, phototactic behaviour might not solely 

depend on these factors; the intensity and wavelength 

of light sources could play a more significant role in 

insect abundance than climatic conditions (van 

Langevelde et al., 2011). 

 

Results showed no significant influence of these 

factors, diverging from previous studies and 

suggesting more complex interactions between 

environmental factors and insect behaviour (Stock, 

2018). The moderate correlation coefficient indicating 

a non-significant positive relationship between 

temperature and insect abundance contradicts earlier 

studies, which found that warmer temperatures 

heighten insect attraction to light, aligning with 

increased metabolic rates and activity levels (Stern and 

Horváth, 2018; Horváth et al., 2009; Robertson, 

2009).  

 

Similarly, the non-significant relationship between 

relative humidity and phototactic insect abundance 

does not align with findings by Méndez et al. (2022), 



Phototactic Insects: Seasonal Abundance and Diversity in Built Environments…..                                        2471 

SHEBA, W. J; EWUIM, S. C; OFFORBUIKE, I. I. 

who noted increased insect activity and light attraction 

under higher humidity conditions. The discrepancy in 

results may be due to the specific demographics of 

insects during the dry season, where humidity impacts 

might be less pronounced or moderated by other 

environmental factors. These differences could also be 

attributed to the behavioural ecology of local insect 

fauna, which may have unique adaptations or 

preferences. The influence of artificial light sources in 

built environments might significantly impact insect 

behaviour more than natural temperature and humidity 

fluctuations (Eisenbeis, 2006). Additionally, other 

factors such as wind speed, air pressure, or 

architectural features of buildings might affect insect 

behaviour (Longcore and Rich, 2004). 

 

Conclusion: This research contributes to existing 

scientific knowledge by providing insights on how 

urbanisation and artificial lighting affect insect 

distribution in built environments. The study 

highlights that insect abundance and diversity in 

Awka, Anambra State, are influenced by varying light 

characteristics and environmental conditions. The 

findings reveal that certain insect orders, such as 

Coleoptera, Diptera, and Hemiptera, exhibit strong 

phototactic behaviour, while others like Zygoptera, 

Neuroptera, and Odonata are less attracted to light. 

Seasonal variations in insect capture rates were 

observed, with higher rates during the wet season, 

indicating favourable conditions for insect activity. 

The study highlights the relationship between 

environmental factors and insect distribution. Hence, 

this provides a foundation for further urban 

entomology and ecology research.  

 

Declaration of Conflict of Interest: The authors 

declare no conflict of interest. 

 

Data Availability Statement: Data are available upon 

request from the first author or corresponding author.  

 

REFERENCES 
Adefolalu, DO; Adejoh, ID; Okoko, EC. (2020). 

Urbanization, deforestation and environmental 

challenges: A study of urban development in Awka, 

Anambra State, Nigeria. Afr. J. Environ. Sci. 

Technol., 14(2): 39-50. 

 

Akunne, CE; Ononye, BU; Ugonkwo, KM; Chidi, CA; 

Okafor, KP. (2019). The Susceptibility Status of 

Anopheles Gambiae Sl Populations in Ifite-Awka, 

Anambra State to Standard Insecticides. Biosci. J., 

7(1): 15-27. 

 

Bennie, J; Davies, TW; Cruse, D; Gaston, KJ. (2016). 

Ecological effects of artificial light at night on wild 

plants. J. Ecol., 104(3): 611-620. 

 

Bertone, MA; Leong, M; Bayless, KM; Malow, TL; 

Dunn, RR; Trautwein, MD. (2016). Arthropods of 

the great indoors: Characterizing diversity inside 

urban and suburban homes. PeerJ, 4: e1582. 

 

Bosse, T., Gauger, N. R., Griewank, A., Günther, S., & 

Schulz, V. (2014). One-shot approaches to design 

optimisation. Trends in PDE Constrained 

Optimization, 43-66. 

 

Brown, VK; Leijn, M; Stinson, CSA. (1996). The 

experimental manipulation of insect herbivore load 

by the use of an exclusion technique. Eur. J. 

Entomol., 93(1): 1-6. 

 

Chesson, J; Clayton, D; Gibson, N. (1997). Effects of 

climate and plant cover on the abundance of 

insects. Ecology, 78(3): 1036-1050. 

 

Chunwate, BT; Yahaya, S; Amankwe, CO; Samuel, A; 

Madaki, BR. (2019). Assessment of urban sprawl 

using geospatial techniques in Awka town, 

Anambra State, Nigeria. J. Geogr. Inf. Syst., 11(3): 

359. 

 

Ciesla, W. (2011). Forest entomology: a global 

perspective. John Wiley & Sons. 

 

Donnelly, A. (2001). The effect of urban light 

pollution on the growth of balsam fir trees. Ecol. 

Eng., 17(4). 421-424. 

 

Donners, M; van Grunsven, RH; Groenendijk, D; van 

Langevelde, F; Bikker, JW; Longcore, T; 

Veenendaal, E. (2018). Colours of attraction: 

Modeling insect flight to light behaviour. J. Exp. 

Zool. Part A: Ecol. Integr. Physiol., 329(8-9): 434-

440. 

 

Eggleton, P; Belshaw, R. (1992). Insect phototaxis: a 

synthesised approach. Biol. Rev., 67(1): 475-508. 

 

Eisenbeis, G. (2006). Artificial night lighting and 

insects: attraction of insects to streetlamps in a 

rural setting in Germany. In C. Rich & T. Longcore 

(Eds.), Ecol. Consequences Artif. Night Lighting 

(pp. 281-304). 

 

Eisenbeis, G; Eick, K. (2010). Linkages between the 

abundance of phylloplane saprophagous 

macroarthropods and tree canopy parameters in 



Phototactic Insects: Seasonal Abundance and Diversity in Built Environments…..                                        2472 

SHEBA, W. J; EWUIM, S. C; OFFORBUIKE, I. I. 

urban environments. Urban For. Urban Green. 

9(1). 17-27. 

 

Evans, O; Caragata, EP; McMeniman, CJ; Woolfit, M; 

Green, DC; Williams, CR; McGraw, EA. (2009). 

Increased locomotor activity and metabolism of 

Aedes aegypti infected with a life-shortening strain 

of Wolbachia pipientis. J. Exp. Biol., 212(10): 

1436-1441. 

 

Ewuim, CS. (2008). Bettle fauna of agro and forest 

ecosystems in tropical rainforest habitat, Nigeria. 

Anim. Res. Int., 5(1): 780-782. 

 

Falchi, F; Cinzano, P; Elvidge, CD; Keith, DM; Haim, 

A. (2011). Limiting the impact of light pollution on 

human health, environment, and stellar visibility. J. 

Environ. Manage. 92(10): 2714-2722. 

 

Federal Republic of Nigeria Official Gazette. (2018). 

Information bank on road bearing: Anambra Press 

Release. Pp6. 

 

Field, CB; Barros, VR; Dokken, DJ; Mach, KJ; 

Mastrandrea, MD; Bilir, TE; Chatterjee, M; Ebi, 

KL; Estrada, YO; Genova, RC. (2014). IPCC 

Summary for Policymakers. In Climate Change 

2014: Impacts, Adaptation, and Vulnerability, Part 

A: Global and Sectoral Aspects; Contribution of 

Working Group II to the Fifth Assessment Report of 

the Intergovernmental Panel on Climate Change. 

Cambridge University Press: Cambridge, UK; 

New York, NY, USA, pp. 1-32. 

 

Frank, KD. (2015). Insect conservation biology: Past, 

present, and prospective: Introduction to the 

special topic. Environ. Entomol. 44(2): 127-130. 

 

Frost, SW. (1957). The Pennsylvania insect light trap. 

J. Econ. Entomol. 50(3): 1-3. 

 

Hakami, AR; Khan, KA; Ghramh, HA; Ahmad, Z; Al-

Zayd, AAA. (2020). Impact of artificial light 

intensity on nocturnal insect diversity in urban and 

rural areas of the Asir province, Saudi Arabia. 

PLoS One, 15(12): e0242315. 

 

Han, D; Wang, C; Sun, Z; She, J; Yin, L; Bian, Q; Han, 

W. (2022). Microhabitat preferences of butterflies 

in urban parks: Both vegetation structure and 

resources are decisive. Urban For. Urban Green. 

71: 127552. 

 

Hölker, F; Wolter, C; Perkin, EK; Tockner, K. (2010). 

Light pollution as a biodiversity threat. Trends 

Ecol. Evol., 25(12): 681-682. 

Horridge, GA. (1965). The adaptiveness of phototaxis. 

Proc. R. Soc. B: Biol. Sci., 162(987): 331-356. 

 

Horváth, G; Kriska, G; Malik, P; Robertson, B. 

(2009). Polarized light pollution: a new kind of 

ecological photopollution. Front. Ecol. Environ., 

7(6): 317-325. 

 

Hudson Institute of Mineralogy. (2019). Information 

and bearing of Anambra State. Anambra Publisher. 

 

Hunt, T; Bergsten, J; Levkanicova, Z; Papadopoulou, 

A; John, OS; Wild, R; Vogler, AP. (2007). A 

comprehensive phylogeny of beetles reveals the 

evolutionary origins of a superradiation. Science, 

318(5858): 1913-1916. 

 

Jost, L. (2006). Entropy and diversity. Oikos, 113(2): 

363-375. 

 

Kalleshwaraswamy, CM; Shanbhag, RR; Sundararaj, 

R. (2022). Wood degradation by termites: Ecology, 

economics and protection. In Science of Wood 

Degradation and its Protection (pp. 147-170). 

Singapore: Springer Singapore. 

 

Kim, KN; Huang, QY; Lei, CL. (2019). Advances in 

insect phototaxis and application to pest 

management: a review. Pest Manage. Sci., 75(12): 

3135-3143. 

 

Laumann, RA; Costa, MM; Guedes, RNC. (2018). 

Stored-product insects associated with grain 

processing facilities: Population dynamics and 

integrated pest management. J. Stored. Prod. Res. 

79: 35-45. 

 

Longcore, T; Rich, C. (2004). Ecological light 

pollution. Front. Ecol. Environ., 2(4): 191-198. 

 

Magurran, AE. (2004). Measuring Biological 

Diversity. Malden, MA: Blackwell Publishing. 

 

Margalef, R. (1958). Information Theory in Ecology. 

Gen. Syst., 3(1): 36-71. 

 

Matthysse, JG. (2014). Arthropod allergens and 

human health. Annu. Rev. Entomol., 59: 263-276. 

 

Méndez, A; Martín, L; Arines, J; Carballeira, R; 

Sanmartín, P. (2022). Attraction of insects to 

ornamental lighting used on cultural heritage 

buildings: A case study in an urban area. Insects, 

13(12): 1153. 

 



Phototactic Insects: Seasonal Abundance and Diversity in Built Environments…..                                        2473 

SHEBA, W. J; EWUIM, S. C; OFFORBUIKE, I. I. 

Meyer, LA; Sullivan, SMP. (2013). Bright lights, big 

city: influences of ecological light pollution on 

reciprocal stream–riparian invertebrate fluxes. 

Ecol. Appl. 23(6): 1322-1330. 

 

New, TR. (2015). Insect conservation and urban 

environments (pp. 125-129). Cham: Springer. 

Nigerian Meteorological Agency. (2024). Publications 

and Bulletins. Nigerian Meteorological Agency. 

 

Okeke, TE; Ewuim, SC; Akunne, CE; Ononye, BU. 

(2019). Survey of edible insects in relation to their 

habitat and abundance in Awka and the 

environment. Int. J. Entomol. Res., 4: 17-21. 

 

Onuigbo IC; Ezeamalukwuo FI; Chukwudum CC 

(2018). Urbanization and development in Awka, 

Nigeria: Issues and challenges. Int. J. Humanit. 

Soc. Sci. Educ., 5(2): 82-95. 

 

Owens AC; Cochard P; Durrant J; Farnworth B; 

Perkin EK; Seymoure B (2020). Light pollution is 

a driver of insect declines. Biol. Conserv., 241: 

108-259. 

 

Owens AC; Lewis SM (2018). The impact of artificial 

light at night on nocturnal insects: A review and 

synthesis. Ecol. Evol., 8(22): 11337-11358. 

 

Park JH; Lee HS (2017). Phototactic behavioural 

response of agricultural insects and stored-product 

insects to light-emitting diodes (LEDs). Appl. Biol. 

Chem., 60(2): 137-144. 

 

Patel S; Meher BR (2016). A review on emerging 

frontiers of house dust mite and cockroach allergy 

research. Allergol. Immunopathol. 44(6): 580-593. 

 

Pauleit S; Ambrose-Oji B; Andersson E; Anton B; 

Buijs A; Haase D; van den Bosch CK (2019). 

Advancing urban green infrastructure in Europe: 

Outcomes and reflections from the GREEN 

SURGE project. Urban For. Urban Green. 40: 4-

16. 

 

Perkin EK; Hölker F; Tockner K (2014). The effects of 

artificial lighting on adult aquatic and terrestrial 

insects. Freshw. Biol., 59(2): 368-377. 

 

Price B; Baker E (2016). NightLife: A cheap, robust, 

LED-based light trap for collecting aquatic insects 

in remote areas. Biodivers. Data J., (4): 1-5. 

 

Robertson B (2009). Polarized light pollution: a new 

kind of ecological photopollution. Front. Ecol. 

Environ., 7(6): 1-7. 

Rydell J (1992). Exploitation of insects around 

streetlamps by bats in Sweden. Funct. Ecol., 744-

750. 

 

Saunders D (2020). Insect photoperiodism: Seasonal 

development on a revolving planet. EJE, 117(1): 

328-342. 

 

Schuh RT; Slater JA (1995). True bugs of the world 

(Hemiptera: Heteroptera): classification and 

natural history. Cornell UNIVERSITY press. 

 

Shimoda M; Honda KI (2013). Insect reactions to light 

and its applications to pest management. Appl. 

Entomol. Zool., 48: 413-421. 

 

Sia TJ; Abd Rahman NA; Foo NY; Yaakop S; Akbar Z 

(2017). Insect diversity and abundance during the 

crepuscular and nocturnal temporal periods in the 

Kota Gelanggi Limestone Complex, Pahang, 

Malaysia. Serangga, 21(2): 1-9. 

 

Southwood TRE; Henderson PA (2000). Ecological 

Methods. Blackwell Science. 

 

Stern U; Horváth G (2018). Phototaxis of insects. In 

Polarized Light and Polarization Vision in Animal 

Sciences (pp. 465-522). Springer. 

 

Stork NE (2018). How many species of insects and 

other terrestrial arthropods are there on Earth? 

Annu. Rev. Entomol., 63, 31-45. 

 

Svensson GP; Larsson MC; Hedin J (2004). The 

attraction of the larval predator Elater ferrugineus 

to the sex pheromone of its prey, Osmoderma 

eremita, and its implication for conservation 

biology. J. Chem. Ecol., 30, 353-363. 

 

van Grunsven RH; Donners M; Boekee K; Tichelaar I; 

Van Geffen KG; Groenendijk D; Veenendaal EM 

(2014). Spectral composition of light sources and 

insect phototaxis, with an evaluation of existing 

spectral response models. J. Insect Conserv., 18, 

225-231. 

 

van Langevelde F; Ettema JA; Donners M; 

WallisDeVries MF; Groenendijk D (2011). Effect 

of the spectral composition of artificial light on the 

attraction of moths. Biol. Conserv., 144(9), 2274-

2281. 

 

Wang FF; Wang MH; Zhang MK; Qin P; Cuthbertson 

AG; Lei CL; Sang W (2023). Blue light stimulates 

light stress and phototactic behaviour when 



Phototactic Insects: Seasonal Abundance and Diversity in Built Environments…..                                        2474 

SHEBA, W. J; EWUIM, S. C; OFFORBUIKE, I. I. 

received in the brain of Diaphorina citri. 

Ecotoxicol. Environ. Safe. 251, 114519. 

 

Wang Y; Kaftanoglu O; Brent CS; Page RE Jr.; 

Amdam GV (2019). Starvation stress during larval 

development facilitates an adaptive response in 

adult worker honey bees (Apis mellifera L.). J. 

Exp. Biol., 219: 949-959. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yalcin M; Akcay C; Tascioglu C; Yuksel B; Ozbayram 

AK (2020). Damage severity of wood-destroying 

insects according to the Bevan damage 

classification system in log depots of Northwest 

Turkey. Sci. Rep., 10(1): 13705. 

 

Yihdego Y; Salem HS; Muhammed HH (2019). 

Agricultural pest management policies during 

drought: Case studies in Australia and the state of 

Palestine. Nat. Hazards Rev., 20, 05018010. 


